Lumbar spine bone mineral density in a cross sectional study of healthy subjects increased by 0012 and 0016 g/cm2/year in boys and girls respectively between 5 and 11 years ofage. These rates increased fivefold in girls and threefold in boys between the ages of 11 and 13 years as a result of the bone mineral content increasing more rapidly than the coronal area at this age. By the age of 11 years the girls had 66% of the coronal area, 61% of the bone mineral density, and 41% of the bone mineral content ofsubjects aged [18][19][20][21][22][23] Measurement of bone mineral density using DXA has been criticised because, unlike quantitative computed tomography, it does not exclude the posterior elements of the vertebrae and because the anteroposterior dimension of the vertebral body (vertebral depth) is not measured. DXA, however, gives low doses of radiation and is more suitable than quantitative computed tomography for use in children.
the ages of 11 and 13 years as a result of the bone mineral content increasing more rapidly than the coronal area at this age. By the age of 11 years the girls had 66% of the coronal area, 61% of the bone mineral density, and 41% of the bone mineral content ofsubjects aged 18-23 years. The ratio (lumbar spine bone mineral content/body weight) was constant in boys aged [6] [7] [8] [9] [10] [11] [12] [13] years, but there were significant variations in girls. Femoral neck bone mineral density in both sexes changed little between 6 and 11 years and at 11 years was 69%/o of the adult values.
Subjects with osteogenesis imperfecta had a low bone mineral density and bone mineral content for their age and weight. The z score of bone mineral density at the femoral neck was significantly lower than at the lumbar spine.
In patients with recurrent fractures a low bone mineral density may help in identifying those with osteogenesis imperfecta and assist in their subsequent management.
(Arch Dis Child 1994; 70: [331] [332] [333] [334] Bone mineral density measurements in children could be of value in the management of recurrent fractures, osteogenesis imperfecta, hypophosphataemic rickets, and other disorders.' Although dual energy x ray absorptiometry (DXA) is the most widely used form of bone density scanning, there are few reports of its use in children. The relation of bone mineral density with age has variously been plotted as linear2 or cubic.3 Studies using either dual photon absorptiometry or DXA also suggest an increase in bone mass associated with puberty.' 4 Bone mineral density is related to the Tanner stage of pubertal development, though there is a slightly closer relation with weight. ' Measurement of bone mineral density using DXA has been criticised because, unlike quantitative computed tomography, it does not exclude the posterior elements of the vertebrae and because the anteroposterior dimension of the vertebral body (vertebral depth) is not measured. DXA, however, gives low doses of radiation and is more suitable than quantitative computed tomography for use in children.
We investigated the changes in bone mineral density and bone mineral content in children aged from 5 to 13 years. We also used DXA to compare the relation of bone mineral density with weight in healthy children with that in children with osteogenesis imperfecta to identify the value of DXA measurements in such patients.
Subjects and methods
Normal healthy children were recruited from local schools. Subjects were excluded if they were attending a medical clinic regularly or were known to have a chronic disease. There were 75 girls (aged 5-13 years) and 57 boys (aged [6] [7] [8] [9] [10] [11] [12] [13] Weight ( deviation from the expected frequencies in a normal distribution was tested by the Kolmogorov-Smirnov test.
Results Tables 1 and 2 give the bone mineral measurements for healthy subjects. In the lumbar spine the mean bone mineral density in girls increased only slightly (0-016 g/cm2/year; r=0-40) between 5 and 11 years of age. After 11 years the rate increased to 0-089 glcm2/year (r=0-53). The increase in bone mineral density obscured the difference in the changes of bone mineral content and area with age. The average lumbar bone mineral content in girls increased by 1-54 g/year from 5 to 11 years (r=0-67) and by [5] [6] g/year from 11 to 13 years (r=0-53). Although the rate of increase ofbone mineral content more than trebled, the rate of increase of the coronal area only doubled from 1-8 to 3-6 cm2/year over the same time intervals. Figure 1 gives the relations of bone mineral content, bone mineral density, and area with age in girls. Lumbar bone mineral density in boys increased by 0-012 g/cm2/year from 6 to 11 years (r=0-30) and by 0-048 g/cm2/year between 11 and 13 years (r=0-50). Lumbar bone mineral content increased by 0-96 g/year up to the age of 11 years (r=0 51) and by 3-93 g/year from 11 to 13 years (r=0-64). The rates of change were not significantly different from those in girls.
In healthy children the bone mineral density in the lumbar spine correlated with weight with no difference between the sexes for subjects over the age ranges investigated (r=0-74) ( fig  2) . The intercept for bone mineral density was 0.43 g/cm2. The lumbar spine bone mineral content also correlated with body weight, with an intercept of 0 9 g in girls and 0-6 g in boys (difference in intercepts, p=NS).
The amount of mineral in the lumbar spine (L2-L4) as a proportion of body weight between 5 and 13 years of age was not constant in girls. There were peaks of 6A42X 10-2% at 7 years and 6-51 X 10-2% at 13 years, and a nadir of 4-76XO-2% at 9 years, the differences being greater than would be expected by chance at the 1% level (Kruskal-Wallis test). No significant difference was found in boys (mean (SD) 5 55 (0 84)X 10-2%).
In girls the bone mineral density in the femoral neck increased by 0-016 g/cm2/year between 5 and 11 years (r=0-48) and by 0-075 g/cm2/year between 11 and 13 years (r=0-54 (12 20 /o/year) was itself higher than the rate of subjects, vertebral area (p<005) and increase (3 10/o/year) calculated from data al bone mineral density and bone obtained by computed tomography.9 1112 To I content (p<0 01) were all low. The achieve the values measured in our unit for vertebral bone mineral density z score (-2-52 (0 49)) was significantly lower than vertebral area z score (-1-14 (049)) (p<0-02; MannWhitney U test). Bone mineral density z scores were lower in the femoral neck than in the lumbar spine (p<0-05). In relation to body weight both bone mineral content (p<0-05) and bone mineral density (p < 0 05) were low in the subjects with osteogenesis imperfecta (fig 2;   table 3 ).
Discussion
The pattern of increase in bone mineral density in the lumbar spine, with an increase to 7 years bone mineral density'3 or bone mineral content and area (Haddaway M J, Davie M W J, unpublished data) for women aged 18-23 years, girls aged 11 years will increase their bone mineral density by 62%, their vertebral area by 44%, and their bone mineral content by 135%. The discrepancies between increases in bone mineral density found by computed tomography and by DXA and between the changes of bone mineral density and bone mineral content measured by DXA could result from a disproportionate increase in the anteroposterior dimension of the vertebral body, or in greater mineralisation of the posterior vertebral elements. Furthermore, the appearance at puberty of seven ossification centres in the posterior part of the lumbar vertebral body at the spinous processes, mammillary bodies, and cranial and caudal surfaces of the vertebra'4 could also lead to a considerable increase of mineral, which would disproportionately increase the bone mineral density measured by DXA.
Values for bone mineral density at the femoral neck generally changed in a similar fashion with age as at the spine. At 11 years, however, the bone mineral density in the femoral neck expressed as a proportion of the bone mineral density in the femoral neck of subjects aged 18-23 years was 69-8 (0-8)%. This was higher than the value of 61-2 (09)% in the lumbar spine (p<0 01; Wilcoxon paired ranks). The fact that a greater proportion of the adult bone mineral density has been achieved by 11 years of age in girls may indicate that the prepubertal accumulation of bone mineral density is relatively more important at the femur than at the spine.
Subjects with osteogenesis imperfecta had lower z scores for body weight (table 3) . Height was more severely affected, but only three subjects had a height z score of less than -2-00. The relative sparing of height deficiency suggests that repeated fractures are not as serious a handicap to growth as might be expected. In contrast, the bone mineral density was extremely low in all subjects, with the long bone (femur) being more severely affected (in terms of deviation from the mean) than the axial skeleton. At the spine the deficiency of bone mineral is partially attributable to the vertebrae having a lower coronal cross sectional area. As bone mineral density, which is independently measured, is even lower than the mean values, bone mineral within the vertebrae is also likely to be deficient. Whether the onset of puberty can overcome one or both of these deficiencies will require careful longitudinal study.
These data suggest that DXA might be of value in the management of fractures in childhood. In children with recurrent fractures a low bone density might help to define a cause and possibly detect mild osteogenesis imperfecta. These data suggest that the femur might be a more valuable site to measure than the spine. Further work is required, however, to examine the bone mineral density at other sites such as the tibiae, humeri and wrists, which are the most common sites of fracture in our patients.
Measurements of bone density in children by DXA could also provide useful data to help with the management of patients with osteogenesis imperfecta. Patients have been treated with bisphosphonates,15 and it would be useful to be able to measure changes in bone mineral to ensure that a response was occurring and to avoid overtreatment that might hinder height gain.
